The Planck Australia Telescope Compact Array (Planck-ATCA) Co-eval Observations (PACO) have provided multi-frequency (5-40 GHz) flux density measurements of complete samples of Australia Telescope 20 GHz (AT20G) radio sources at frequencies below and overlapping with Planck frequency bands, almost simultaneously with Planck observations. In this work we analyse the data in total intensity for the spectrally-selected (SS) PACO sample, a complete sample of 69 sources brighter than S 20GHz = 200 mJy selected from the AT20G survey catalogue to be inverted or upturning between 5 and 20 GHz. We study the spectral behaviour and variability of the sample. We use the variability between AT20G (2004AT20G ( -2007 and PACO (2009)(2010) epochs to discriminate between candidate High Frequency Peakers (HFPs) and candidate blazars. The HFPs picked up by our selection criteria have spectral peaks > 10 GHz in the observer frame and turn out to be rare (< 0.5% of the S 20GHz 200 mJy sources), consistent with the short duration of this phase implied by the 'youth' scenario. Most (≃ 89%) of blazar candidates have remarkably smooth spectra, well described by a double power-law, suggesting that the emission in the PACO frequency range is dominated by a single emitting region. Sources with peaked PACO spectra show a decrease of the peak frequency with time at a mean rate of −3±2 GHz yr −1 on an average timescale of τ = 2.1±0.5 yr (median: τ median = 1.3 yr). The 5-20 GHz spectral indices show a systematic decrease from AT20G to PACO observations. At higher frequencies spectral indices steepen: the median α 
Planck Collaboration VII 2011) will be presented in Massardi et al. (in preparation) .
A particularly interesting class of sources with spectra rising at frequencies above 5 GHz are the 'High Frequency Peakers' (HFPs; Dallacasa et al. 2000) , believed to be the most compact and youngest members of the Gigahertz Peaked Spectrum (GPS) source family (e.g., O'Dea 1998; Tinti & De Zotti 2006) . The first HFP selections (Dallacasa et al. 2000; Stanghellini, Dallacasa, & Orienti 2009) had peak frequencies in the observer frame mostly in the range 5-10 GHz. The AT20G survey offered the possibility of selecting complete samples of more extreme HFPs, with spectral peaks above 10 GHz (Hancock et al. 2010) . The well established correlation between intrinsic peak frequency, νm, and projected linear size (O'Dea 1998) indicates that νm ∼ 10-20 GHz corresponds to scales ∼ 10 pc. Multiepoch VLBA and VLBI observations of Compact Symmetric Objects (CSOs), as genuinely young HFP/GPS sources are generally found to be (Orienti et al. 2006; Orienti & Dallacasa 2012) , showed sub-relativistic expansion velocities, frequently of 0.1-0.2c (Gugliucci et al. 2005; Polatidis 2009; An et al. 2012) . Thus the AT20G HFPs are expected to have ages of a few hundred years and therefore to give us an insight on the initial stages of radio activity. The available data indicate that these early phases are characterised by high luminosity, fast evolution in size and peak frequency (Begelman 1996; Dallacasa 2003; Tinti & De Zotti 2006) , and must therefore be very rare. Only very large area, high frequency surveys, such as the AT20G that covers the entire Southern sky, can thus provide statistically significant samples or constraints.
A peaked spectral shape, however, does not guarantee that a source is truly young. Beamed radio sources (blazars) can also show peaked spectra when a flaring synchrotron component, self-absorbed up to high frequencies, dominates the emission spectrum. But the latter sources change their spectral shape keeping convex spectra for a relatively short time and may show a flat spectrum when re-observed after a few years, and anyway exhibit substantial variability (Tinti et al. 2005; Torniainen et al. 2007 ). In contrast, truly young sources maintain their convex spectra and show low or undetectable variability, apart from the spectral evolution associated to the source expansion (Orienti, Dallacasa, & Stanghellini 2010) . Thus multi-epoch, multi-frequency observations of peaked spectrum sources proved to be very effective in discriminating among the two populations. We use the variability properties between AT20G (2004 AT20G ( -2007 and PACO (2009 PACO ( -2010 epochs to discriminate between young sources and blazars.
Our search for HFP candidates differs from the earlier study by Hancock et al. (2010) , also based on the AT20G survey, in several respects. We start from a complete flux limited sample selected over the whole Southern sky, while the sample by Hancock et al. has no well defined flux density limit and is restricted to the region 18 h < RA < 01 h 30 m . Also, their variability threshold for HFP candidates is mostly based on data at a single frequency (20 GHz) on relatively short timescales (1-3 yr), while we have multi-frequency data on somewhat longer timescales (typically 2-4 yr, but up to 6 yr). On the other hand, Hancock et al. obtained radio observations also at 95 GHz (while PACO observations span the range 5-40 GHz) as well as optical imaging and spectroscopy of a subset of their sources. As for blazars, the combination of AT20G and PACO data can constrain the duration of high frequency flares and the distribution of their peak frequencies.
The structure of this paper is as follows. In § 2 we describe the data for the spectrally-selected PACO sample. In § 3 and in § 4 we discuss candidate HFPs and candidate blazars, respectively. Finally, in § 5 we summarise our main results.
SAMPLE CHARACTERISATION

Sample selection
The spectrally-selected (SS) PACO sample comprises all the 69 sources with S20GHz > 200 mJy and spectra classified in the AT20G catalogue (Massardi et al. 2011a ) as inverted or upturning in the frequency range 4.8-20 GHz, selected over the whole Southern sky. These sources have been reobserved for the PACO project between September 2009 and February 2010, with a scheduling process optimised to allow observations at all the frequencies almost simultaneous (i.e. within 10 days) with the Planck satellite. Fifteen SS sources are also part of the faint PACO sample (S20GHz > 200 mJy, Bonavera et al. 2011 ) and 21 of the bright PACO sample (S20GHz > 500 mJy, Massardi et al. 2011b) , including 6 sources in common with the faint sample.
The ATCA observations of each source over the frequency range 5-40 GHz have been carried out in the same day but, due to bad weather conditions, in one case (J173340-793555) a complete spectrum for the source has been obtained by joining the observations done in two subsequent days. The spectra of two other sources (J040019-225624 and J184827-735337) are not reliable as the sources turned out to be extended while the flux estimation relies on the point-like assumption. Data on these two sources are presented in the catalogue but not included in the analysis, so hereafter we consider a sample of 67 sources.
The classification of Massardi et al. (2011a) We have redone this classification using the PACO measurements over the 512 MHz-wide sub-bands centred at the frequencies nearest to the AT20G ones (4.732, 8.744 and 18.768 GHz) . The best quality PACO measurements, i.e. those referring to the epoch at which the highest accuracy was achieved (due to the combination of good weather, minimal radio interferences and instrumental malfunctions, etc.), were selected for this purpose. As illustrated by Fig. 1 a large fraction of the sample has significantly modified its spectral behaviour, moving to the "flat-spectrum" region of the diagram. This already shows that the majority of sources in the SS sample are blazars, caught in a bright stage by the AT20G survey, that decayed to a more quiescent phase at the time of PACO observations, i.e. on a timescale of a few 1 We adopt the convention Sν ∝ ν α to several years. We will come back to this in Sec. 3, when we will discuss the selection of "genuine" HFP sources.
Spectral behaviour
As a first step we have checked whether the spectra of our sources can be adequately described, over the full frequency range 5-40 GHz, by the double power-law
used by Massardi et al. (2011a) and Bonavera et al. (2011) for the bright and faint PACO sample, respectively. S0, ν0, a and b are free parameters. Such a smooth spectrum may not necessarily fit the data for blazars whose radio emission results from the superposition of peaked spectra of several parts of the jet racing towards the observer at highly relativistic speeds and self-absorbed up to different frequencies (e.g. De Zotti et al. 2010) . The fit has been performed in logarithmic units by minimising the χ 2 with a nonlinear optimisation technique based on an implementation of the Generalised Reduced Gradient optimisation method. Unless otherwise noted, the results reported below refer to the "best quality" PACO spectra (see § 2.1).
We have considered as bad fits those with χ 2 − χ 2 > 3σχ where χ 2 and σχ are mean and standard deviation of the Gaussian fit of the reduced χ 2 distribution over the whole PACO sample. Those are respectively χ 2 = 1.3 and σχ = 0.54. We note that, in general, the χ 2 values associated to the best fits are relatively high. This is due to the fact that, over the wide frequency range considered, the observed spectra show some small roughness, detected by our high accuracy measurements, so that a smooth function cannot provide a perfect fit. Still, the double power-law fits look acceptable for most sources (see Figs. 2-6).
(2-4 yrs) (6 months) 5 13.1 ± 1.9 5.5 ± 1.5 9 15.0 ± 2.2 4.9 ± 1.7 18 20.3 ± 2.5 5.7 ± 1.7 24 8.2 ± 2.0 33 4.8 ± 3.0 39 5.3 ± 3.2 Table 1 . Median variability indices [%] of the SS sources and associated errors (1.25 σ/ √ N − 1, where N and σ are the number of the variability indices and the standard deviation of their distribution, respectively).
For the SS sample, the double power-law model has been accepted for 57 out of 67 sources, i.e. in 85% of the cases. For them we have computed low-(5-10 GHz) and high-frequency (30-40 GHz) spectral indices based on the fit and found that they fall in the following spectral categories:
• "peaked": α (1/(b−a)) . The remaining 10 (15%) sources have complex spectra (see § 4): besides a main peak, they also exhibit a sort of plateau, which can either be at ν lower (6 sources) or higher (4 sources) than the peak frequency. This behaviour could be indicative of multiple emission components.
Variability
Following Sadler et al. (2006) we define the variability index at the frequency ν as:
where S ν i and σ ν i are the flux density and the associated error of a given source measured at the i-th epoch, n is the number of epochs, and S ν is the mean of the available measurements. For 10-15% of the sources (depending on frequency and time lag)
[
2 , so that the argument of the square root in eq. (2) is negative. In these cases we estimated the 1 σ upper limit to the variability index of the source as:
The comparison on typical timescales of ∼ 2-4 years (but of up to 6 years in some cases), while the comparison of PACO measurements at different epochs informs on variability on a timescale of ∼ 6 months, since they were coupled to the Planck scans which have a ≃ 6 month periodicity. The variability indices on the latter timescale have been computed, for all PACO frequencies, selecting for each source the best (smallest error bars) pair of observations spaced by 6 months within ±20%.
The median PACO-AT20G and PACO-PACO variability indices and the associated errors are reported in Table 1 . The PACO-AT20G variability of the SS sample turns out to be systematically higher than that found for the bright PACO sample (11.8 ± 2.1, 11.7 ± 2.2 and 13.9 ± 1.9 for 5, 8 and 20 GHz respectively; Massardi et al. 2011b) , as expected since the SS sample contains a larger fraction of flaring objects. There is also a trend towards higher variability at higher frequencies, also found for the bright PACO sample (Massardi et al. 2011b ). On the other hand the PACO-PACO variability amplitude is similar to that found for the bright sample on the same timescale (6 months). No trend with frequency shows up in this case. Of the three spectral subclasses containing at least 10 objects, the "peaked" one turns out to be the least variable. On the 6 months timescale their median variability index is in the range 1.6-7.6, depending on frequency; the median variability index of "down-turning" sources ranges from 6.4 to 15.0 and that of "complex spectrum" sources ranges from 4.7 to 17.9. On the AT20G-PACO timescale (2-4 yr) the median variability indices are in the range 9-10, 13-32 and 15-40 for "peaked", "down-turning" and "complex spectrum" sources, respectively.
For 15 out of the 20 "peaked" sources we could determine the timescale for the variation of νp in the source frame, τ = νp/(∆νp/∆trest). Here νp is the peak frequency at the first epoch at which it could be determined, ∆νp is its variation after a time ∆t obs , in the observer frame, and ∆trest = ∆t obs /(1 + z) is the corresponding time lag in the source frame. The redshift z was available for 3 out of the 15 sources; for the remaining ones we used the median value over the candidate blazars of the sample having a redshift estimation (z = 1.33). There is a trend towards a decrease of νp with time: ∆νp/∆trest is negative for 12 of the 15 sources; its mean value is −3 ± 2 GHz yr −1 and its median value is −2.9 GHz yr −1 . This trend is expected if the size of the flaring region expands, and correspondingly its self-absorption frequency decreases, as it flows along the jet. The average variation timescale is τ = 2.1 ± 0.5 yr and the median is τ median = 1.3 yr. There is no detectable correlation between τ and νp; this is not surprising since a correlation would anyway be hard to detect given the limited range of peak frequencies of our sources.
SELECTION OF HFP CANDIDATES
As mentioned in § 1, variability studies are a powerful tool to distinguish GPS (and HFP) sources from flaring blazars. GPS sources should typically vary by no more than 10% (O'Dea 1998) while blazars are in general much more variable. Six objects (out of the 67 included in the sample, i.e. ≃ 9%) are found to have V ν rms 10%. However, a low variability on the limited timescales of our observations is not a sufficient condition for sources not to be blazars, since blazars may stay in a quiescent state for several years. In fact, additional data taken from the NASA/IPAC Extragalactic Database (NED) and from the Massaro et al. (2009) blazar catalogue do show evidence of strong variability for 3 out of the 6 sources, that therefore are classified as blazars. Thus only 3 HFP candidates remain (J045316-394905, J081240-475153, J183923-345348), i.e. 4.5% of sources in the sample. They are all close to the 20 GHz flux density threshold. We list their relevant properties in Table 2 while their spectra are shown in Fig. 2 . Their peak frequencies, νp, in the observer's frame, are in the range 15-22 GHz.
There is a well established correlation between the rest frame peak frequencies, νm = νp(1 + z), and the projected linear size l (O'Dea & Baum 1997) log(νm/GHz) ≃ −0.21(±0.05) − 0.65(±0.05) log(l/kpc), (4) implying that intrinsic peak frequencies > 10 GHz correspond to scales of a few tens of parsecs or less. As mentioned in § 1, GPS sources are generally found to have expansion velocities of 0.1-0.2c so that sizes of ∼ 10 pc correspond to ages of hundreds of years.
It must be noted that the selection criteria for ( * ) Estimated from B magnitude from superCOSMOS as in Burgess & Hunstead (2006) . GPS/HFP sources are somewhat fuzzy. For example, the sample of 21 GPS/HFP candidates selected by Hancock et al. (2010) includes 5 sources with S20GHz > 200 mJy not included in our sample because they have both α 8 5 < 0.5 and α 20 8 < 0.5, and were therefore classified as "flat-spectrum" by Massardi et al. (2011a) . Three out of these 5 candidates were found to have higher variability than expected for genuine GPS/HFP galaxies, one was classified as a likely and one as a possible GPS/HFP galaxy. This suggests that our HFP sample may be incomplete. Since the area covered by the Hancock et al. sample is about 30% of the AT20G area, the incompleteness may amount to a factor of ∼ 2. On the other hand, the amount of variability for the Hancock et al. sample has been mostly determined on the basis of observations at only two epochs with time lags of 1-3 years and only at 20 GHz. As pointed out by Hancock et al. themselves, well monitored AGNs show only small flux density variations on 1-2 year timescales, with larger outbursts occurring roughly once every 6 years. Hence more data are necessary to assess the GPS/HFP nature of the two additional candidates.
On the whole, we may conclude that the fraction of HFPs in our complete sample of inverted-spectrum sources with S20GHz > 200 mJy, albeit uncertain, is < 10%. Thus the high-frequency peaking population is largely dominated by relativistically beamed objects (blazars). A similar conclusion was reached by Bolton et al. (2006) for a sample of 9C sources brighter than 25 mJy at 15 GHz with spectra peaking at νp > 5 GHz. Since SS sources are only 4.9% of the 1360 AT20G sources brighter than that flux density limit, the fraction of HFP candidates among AT20G sources is < 0.5%. The rarety of genuine HFPs is indicative of a very short duration of the HFP phase, as expected in the frame- work of the 'youth' scenario for these sources. For example, the model by Begelman (1996) implies νm ∝ τ −δǫ (Tinti & De Zotti 2006) where τ is the source age, δ ≃ 0.65 is the slope of the νm-size relation [eq. (4)] and ǫ = 3/(5 − n), n being the slope of the radial density profile (ρe ∝ r −n ) of the medium surrounding the expanding source. For the values of n (n = 1.5-1.9) favoured by Begelman (1996) , the evolution timescale of νm is within a factor of two of the source age, i.e. of hundreds of years. According to the model by Snellen et al. (2000) νm ∝ τ −5/18 and the evolution timescale of νm is only moderately larger. 5 for the same sample of sources (empty histogram). Right: distribution of peak frequencies for SS sources with double power-law spectra (peaked, down-turning and self-absorbed) in the observer's frame (filled histogram) and in the rest frame for the subset of sources having a redshift measurement or estimate (hatched histogram). Figure 10 . Left-hand panel: distribution of the peak ν p,SED obtained by fitting a parabolic model to the PACO data combined with WISE data. The > signs correspond to the 6 objects for which only a lower limit to ν SED p could be obtained. The < signs correspond to objects missing WISE photometry, for which we could obtain only upper limits to ν SED p . Right-hand panel: peak luminosity versus ν SED p .
BLAZARS
All SS sources not classified as HFP candidates (64 sources, 95%) are likely blazars. A positional cross-match with the Third Edition (April 2011) of the multi-frequency blazar catalogue (BZCAT) by Massaro et al. (2009) allowed us to confirm the blazar classification for 24 of them. The list of sources with coordinates and spectral properties is given in Table 3 . The spectral classification and the value of νp are based on PACO data as described in Sec. 2.2. The blazar type is from the BZCAT where blazars are subdivided into flat-spectrum radio loud QSOs (QSO RLoud), BL Lacs and Uncertain type. With only one exception (Uncertain type) all our blazars included in BZCAT (which are however a minority, ≃ 40% of the total number of our blazars) are classified as QSO RLoud.
The spectra based on PACO observations are shown in
Figs. 3-7 (one figure per spectral type) for all epochs, together with AT20G (triangles) data points. Even though the sources were selected for having inverted or upturning AT20G spectra, the PACO observations show, for most of them, flattish spectra in the 5-20 GHz range. The median PACO spectral index α 20 5 is 0.14, to be compared with the median AT20G value of 0.48 for the same sources (see the left panel of Fig. 8 ). This indicates that these sources were caught by AT20G observations during a bright emission phase of a dense region probably in the inner part of the jet, and that the emission decayed by the time of PACO followup. The spectra show a significant steepening at higher frequencies (see again the left panel of Fig. 8 Representative examples of SEDs including PACO and WISE data. Upper row, from left to right: two "down-turning" and a "self-absorbed" blazar. Lower row, from left to right: a "peaked", a "flat" and a "complex spectrum" blazar.
The distribution of peak frequencies of SS sources with double power-law spectra is displayed in the right-hand panel of Fig. 8 . The mean peak frequency of blazars, in the observer's frame, is 14 GHz with a standard deviation of 6 GHz. The candidate HFPs lie in the low-frequency part of the distribution. The median rest-frame peak frequency of the 24 blazars with redshift information is 20 GHz.
Interestingly, with only one exception, the 'best epoch' spectra of sources for which a double power-law [eq. (1)] fit could be obtained have νp < 40 GHz. The exception is J040353-360500 (see Fig. 5 ) for which Planck ERCSC data are available; a double power-law fit including them yields νp ≃ 51 GHz.
Since all SS sources have high-frequency spectral indices α 40 30 > −1 their SEDs νS(ν) are rising in the frequency range covered by PACO observations. To determine the SED peak frequency, ν SED p , we constrained the descending part of the spectrum with WISE (Wright et al. 2010 ) data, at 3.4, 4.6, 12 and 22 µm (∼88000-13600 GHz). Of the 64 blazars, 51 (79%) have a counterpart in WISE; for the remaining 13 (21%) we used the upper limits given by Wright et al. (2010) : 0.08, 0.11, 1 and 6 mJy at 3.4, 4.6, 12 and 22 µm respectively. We fitted the PACO plus WISE data with a parabola in the log ν-log νS(ν) plane, parametrised by the 0 th , 1 st and 2 nd order coefficients c0, c1 and c2, and got ν SED p = −c1/(2c2). The accuracy of this estimation is limited by the gap between the PACO and the WISE frequency ranges and by variability, as PACO and WISE data are not simultaneous. In two cases the PACO plus WISE data turned out to be incompatible with a parabolic fit, but for the other objects the fits looks reasonably good. Some representative examples are shown in Fig. 9 .
The distribution of ν SED p is shown in the left-hand panel of Fig. 10 . Most of them (56) have ν SED p < 10 5 GHz and are therefore classified as "Low Synchrotron Peak" (LSP) according to Abdo et al. (2010) . Their median peak frequency (log(νp/GHz) = 3.51) corresponds to a peak wavelength λ SED p ≃ 93 µm; there is no significant trend of the peak frequency log(νp/GHz) with the PACO spectral class.
For the remaining 6 sources (J042127-481805, J093841- 3 GHz) to their peak frequencies. The addition of WISE data gives us a substantially different perspective on source spectra. Three of the 6 likely HSPs were classified as "down-turning" on the basis of PACO data, 2 other likely HSPs were classified as "peaked", and the remaining one was classified as "complex spectrum". This illustrates once more the complexity and the timedependence of blazar spectra.
The right-hand panel of Fig. 10 shows ν
According to the blazar sequence model Ghisellini et al. 1998) , the synchrotron peak frequency is anti-correlated with the radio luminosity. Our data do not show any statistically significant correlation: the Spearman correlation coefficient is ρ = −0.05, implying that the null hypothesis (no correlation) is rejected only at the 0.4 σ level.
CONCLUSIONS
We have presented an analysis of the "spectrally-selected" (SS) PACO sample comprising all the AT20G sources with S20GHz > 200 mJy and spectra classified by Massardi et al. (2011a) as inverted or upturning in the frequency range 5-20 GHz. The sample consists of 69 sources, two of which were however rejected because they turned out to be extended and thus to have unreliable flux density estimates. The PACO observations were carried out in three pairs of 2 GHz-wide bands (5.5 and 9 GHz, 18 and 24 GHz, 33 and 39 GHz) in several epochs between July 2009 and August 2010. At least one observation was made within 10 days from the Planck satellite measurements.
Most (85%) of the source spectra are remarkably smooth and well described by a double power-law. Twenty have a peaked spectrum. Most (12 out of 15) of those for which PACO observations allowed an accurate determination of the spectrum at different epochs show a decrease of the peak frequency with time. The mean decrease rate for the 15 peaked sources is −3 ± 2 GHz yr −1 . The average variation timescale is τ = 2.1 ± 0.5 yr and the median is τ median = 1.3 yr.
Only three of our sources are found to be good candidate High Frequency Peakers, with peak frequencies, in the observer's frame, νp > 10 GHz. Their 20 GHz flux densities are close to the sample threshold and their peak frequencies lie in the lower part of the distribution for the full sample.
Even allowing for a generous correction for the possible incompleteness of our selection, these extreme (νp > 10 GHz) HFPs are only a small fraction (< 0.5%) of sources with S20GHz > 200 mJy, consistent with the very short duration of the HFP phase expected in the framework of the 'youth' model.
All the other sources in our sample are likely blazars, and 24 of them, all but one classified as flat-spectrum radio QSOs, are listed in the last edition of the blazar catalogue by Massaro et al. (2009; BZCAT) . We find a clear decrease of 5-20 GHz spectral indices from AT20G to PACO observations, implying that these sources were generally caught by the AT20G survey during a bright phase at 20 GHz. At higher frequencies spectral indices steepen: the median α 40 20
is steeper than the median α 20 5 by δα = 0.6. All but one of the sources for which a peak of the flux density distribution could be defined have νp < 40 . This is at odds with the results by Hancock et al. (2010) who found that 12 of their 21 sources have νp > 40 GHz, including 4 sources peaking above 95 GHz, but is consistent with those by Massardi et al. (2011) who found that only a few of the 189 sources in their complete sample with S20GHz > 500 mJy have α 
